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Resultson charged pion and kaon production in centralPb+ Pb collisions at20A and 30A G eV
are presented and com pared to data at lower and higher energies. A rapid change ofthe energy
dependence isobserved around 30A G eV forthe yieldsofpionsand kaonsaswellasforthe shape
ofthetransversem assspectra.Thechangeiscom patible with theprediction thatthethreshold for
production ofa state ofdeconned m atteratthe early stage ofthe collisions islocated atlow SPS
energies.
PACS num bers:25.75.-q
IN T R O D U C T IO N
The adventofthe quark m odelofhadronsand the developm entofquantum chrom odynam icsnaturally led to the
question whether strongly interacting m atter exists in dierent phases and,ifso,ofwhich nature the transitions
 deceased
2between these phasesare. In particular,itiscom m only believed thata gasofhadronswillundergo a transition to
a state ofquasi-freequarksand gluons,the Q uark G luon Plasm a (Q G P)[1],when itstem perature exceedsa critical
value [2]. These questionshave m otivated a broad experim entalprogram ofnucleus-nucleuscollisionsto study the
propertiesofstrongly interacting m atteratextrem edensitiesand tem peratures.
Severalsignaturesofthe form ation ofa transientQ G P state during the early stage ofa nucleus-nucleuscollision
at high energies were proposed in the past [3]. However,the validity ofthese signatures has com e under renewed
scrutiny.Forthisreason theNA49 Collaboration atthe CERN SPS hassearched overthepastyearsforsignsofthe
onsetofQ G P creation in theenergy dependence ofhadron production.Thissearch wasm otivated by the prediction
of[4,5,6]thatthe onsetofdeconnem entshould lead to a steepening oftheincreaseofthe pion yield with collision
energy and to a sharp m axim um in the energy dependence ofthe strangenessto pion ratio.The onsetwasexpected
to occuratapproxim ately 30A G eV [6].
The NA49 energy scan program atthe CERN SPS started with two runswhere data on centralPb+ Pb collisions
at40A and 80A G eV were recorded in 1999 and 2000. Data atthe top SPS energy of158A G eV had already been
taken in previousSPS runs.Theanalysisoftheserunswaspublished in [7]and theresultsconrm ed thepredictions
of[6].Thisnding m otivated an extension ofthe energy scan to the lowerSPS energiesof30A and 20A G eV which
wascom pleted in 2002.In thisletterwe reportnalresultson charged kaon and pion production in centralPb+ Pb
collisions at 20A and 30A G eV beam energy. The present m easurem ents are com bined with those from [7]and
com pared to availablem odelcalculations,togetherwith lowerand higherenergy data from AG S and RHIC.
D ET EC T O R A N D D A TA A N A LY SIS
The NA49 experim entalset-up [8]consistsoffourlarge volum e Tim e Projection Cham bers(TPC).Two ofthese
(VTPC)areplaced in theeld oftwo super-conducting dipolem agnets.Theothertwo TPCs(M TPC)arepositioned
downstream ofthe m agnetsand are optim ized forhigh precision m easurem entsofthe ionization energy lossdE =dx
with a resolution ofabout4% . ThisdE =dx m easurem entprovidesparticle identication which iscom plem ented by
a m easurem entofthe tim e-of-ight(TO F)with a resolution ofabout60 psin two TO F detectorarrayspositioned
downstream ofthe M TPCs. At each incident energy the TO F acceptance for kaons was kept at m id-rapidity by
lowering in proportion to thebeam energy the nom inal158A G eV eld settingsofabout1.5 (upstream m agnet)and
1.1 T (downstream m agnet).In both the30A and 20A G eV runsa thin lead foiltargetof224m g/cm 2,corresponding
to about1% ofinteraction length forPb ions,waspositioned 80 cm upstream from therstTPC.A triggerbased on
a m easurem entofthe energy depositofprojectile spectatornucleonsin a downstream calorim eterselected the m ost
central7.2% ofthe Pb+ Pb collisions. The corresponding m ean num ber ofwounded nucleons N w [9]is calculated
using theFritiofm odel[10]to be N w = 349 1(stat) 5(sys).Ateach energy about3:5 10
5 eventswererecorded.
Results on kaon and pion production were obtained in a m ulti-step analysis procedure which involves charged
track reconstruction,particle identication and corrections to account for background contributions as wellas for
acceptance and eciency losses. To reduce the system atic errors,the analysis has been restricted to regions of
phasespacewherebackground and eciency correctionsaresm alland approxim ately uniform .To m inim izetracking
eciency corrections,only trackswithin an azim uthalanglewedgeof 30 o with respectto thehorizontalplanewere
used.
The spectra of and K  at m id-rapidity are obtained using the com bined dE =dx and TO F inform ation as
described in [11](TO F + dE =dx analysis). The pion spectra were corrected for the contribution from the weak
decaysofthe strange particles, 0, and K 0
S
aswellasfor contam ination (charged productsofweak decays
can be reconstructed as com ing from the eventinteraction vertex,while m uons cannot be separated from pions in
NA49 with dE =dx and TO F m easurem entsform om entaaboveabout1G eV/c).Thecorrection factorswereobtained
from a G EANT sim ulation oftheNA49 detectorusing asinputthehadron distributionsfrom theVENUS m odel[12].
The m odeldistributionswere tuned to reproduce the m easured yieldsof [13]and K 0
S
where the latterwere taken
to be the averageofthe K

yieldspresented in thispaper.Thetotalbackground correction to the   (+ )yieldsis





yieldsatforward rapiditieswereextracted from tsofthedE =dx distributionsin narrow binsof
m om entum and transversem om entum .Thetted function param etrizescontributionsfrom e+ ,+ ,K
+
,protonsand
deuteronsto thedE =dx spectra ofpositively charged particlesand corresponding contributionsto thoseofnegatively
charged particles. For pions the dE =dx m ethod does not provide suciently accurate identication in the low p T
region near m id-rapidity. Therefore to obtain the raw   spectra in the fullforward hem isphere ofthe reactions
yields ofallnegatively charged particles were determ ined as a function ofrapidity (calculated assum ing the pion
m ass) and transverse m om entum pT . The contam ination by K
 
,p and e  from the interaction vertex as wellas
3non{vertex hadrons originating from strange particle decaysand secondary interactions was subtracted. The total
correction am ountsto 20-25% and wascalculated using the VENUS/G EANT sim ulation. The above procedure can
notbe applied forpositively charged hadronsdueto the largecontribution ofkaonsand protons.
The resulting background subtracted spectra were corrected for geom etricalacceptance,losses due to in-ight
decays,inecienciesofthetrackingalgorithm s(about5% )and quality cuts.M oredetailson thecorrection procedure
can be found in [7].
System aticerrorswereestim ated bycom paringresultsobtained with dierentdetectors(TPC,TO F)and byvarying
cutsand correction strategies.Uncertaintiesin theparam etersofthedE =dx tslead to asym m etricsystem aticerrors
on the kaon yields.The system aticerrorswereestim ated to be 5-10% and areexplicitly given in TableII.Note that
to a largeextentthesystem aticuncertaintiespresented herearecom m on to thosereported in [7]sincetherethesam e
experim entalprocedurewasused.
R ESU LT S A T 20A A N D 30A G EV

































































































m esons at jyj< 0:1
(right)produced in centralPb+ Pb collisions at20A and 30A G eV. The linesare tsofEq.(1)to the spectra in the interval
0:2 < m T   m < 0:7 G eV.The statisticalerrorsare sm allerthan the sym bolsize.The system atic errorsare 5% in the region
used forthe tand reach 10% atthe low and high endsofthe m T spectra.
ofK

atjyj< 0:1 obtained from the TO F + dE =dx analysisof20A and 30A G eV centralPb+ Pb collisions. Here




+ m 2 with m the restm assofthe particle,and y denotesthe rapidity of












to the data in the range0:2 < m T   m < 0:7 G eV.The valuesobtained forthe inverseslope param eterT are given
in TableI.
The kaon spectra are welldescribed by the t,while the low and high m T regionsofthe pion spectra outside of
the tted region areabovetheextrapolated tted line.




m esonsareplotted in Fig.2.Thesedistributionswereobtained
by sum m ing the m easured m T spectra and using the tted exponentialfunction Eq.(1)to extrapolate to fullm T .
Forkaonsthe corresponding correctionsarebelow 10% form ostofthe rapidity binsexceptforthe rsttwo and the




































m esons(right)produced in centralPb+ Pb collisionsat20A
(lowercurves)and 30A G eV(uppercurves).Squaresand circlesshow the resultsofan analysisbased on dE =dx only whereas
trianglesare obtained from a TO F + dE =dx analysis.The closed sym bolsindicate m easured pointswhile the open pointsare
reected with respectto m id-rapidity.The linesindicate tsofEq.(2)to the data. The errors,which are often sm aller than
the sym bolsize,are statisticalonly.The system atic errorson the m easurem entsare about 5% .
region.Thecorrectionsforpionsarenegligible.Therapidity spectra wereparam eterized by thesum oftwo G aussian






























where hni, and y0 aretparam eters.The resultsofthe tsareindicated by the fulllinesin Fig.2 and the values
ofthe param etersare given in Table I. Also given in thisTable are the m ean m ultiplicitieswhich were obtained by
integration ofthe tted curves and the m id-rapidity yields that were taken to be the m axim a ofthe curves. The
TABLE I:In thecolum nson theleftarelisted theinverseslope param etersT obtained from a tofEq.(1)to them T spectra
atm id-rapidity,togetherwith theparam eters and y0 from a tofEq.(2)to the
  and K  rapidity spectra.O nly statistical









production atm id-rapidity.The rsterrorisstatistical,the second
system atic.Note thath
+
iisnotdirectly m easured (see text).
Param eter 20A G eV 30A G eV Yield 20A G eV 30A G eV
T(+ ) (M eV) 167 2 175 2 h  i 221 1 11 274 1 14
T(
 
) (M eV) 160 2 169 2 h
+
i 190 1 9 241 1 12
T(K
+
) (M eV) 219 5 232 5 hK
+





) (M eV) 193 9 230 7 hK
 
i 10:3 0:1 0:2 16:0 0:2 0:4
(
 
) 0:837 0:007 0:885 0:007 dn=dy(
 
) 84:8 0:4 4:2 96:5 0:5 4:8
(K
+
) 0:601 0:012 0:722 0:026 dn=dy(
+
) 72:9 0:3 3:6 83:0 0:4 4:2
(K   ) 0:642 0:035 0:710 0:032 dn=dy(K   ) 5:58 0:07 0:11 7:8 0:1 0:2
y0(
 
) 0:557 0:009 0:624 0:009 dn=dy(K
+





) 0:606 0:014 0:578 0:030
y0(K
 
) 0:34 0:06 0:37 0:05
m ean m ultiplicity of+ m esonsand theirm id-rapidity yieldswere calculated by scaling h  iwith the + =  ratio
m easured atm id-rapidity in the TO F + dE =dx analysis. These ratioswere found to be (0:86;0:88;0:90;0:91;0:93)
forthe data m easured at(20;30;40;80;158)A G eV. The ratiosatthe latterthree energieswere used to recalculate
thepublished valuesofthe h+ iand the + m id-rapidity yieldsattheseenergies.Therecalculated + m ultiplicities
dierby severalpercentfrom theonespublished in [7].
5R EV IEW O F T H E EN ER G Y D EP EN D EN C E
In this section, the new results on  and K production at 20A and 30A G eV willbe discussed together with
published m easurem entsatlower(AG S)and higher(SPS,RHIC)energiesand com pared to the corresponding data
from p+ p(p)interactions.M odelcalculations,which areshown by the curvesin theguresbelow,willbe discussed
in the nextsection.
In Fig.3 isshown the m ean pion m ultiplicity hi= 1:5(h+ i+ h  i)perwounded nucleon hN w iasa function of
)1/2F (GeV





























FIG . 3: Left: Energy dependence of the m ean pion m ultiplicity per wounded nucleon m easured in central Pb+ Pb and
Au+ Au [15,16]collisions (fullsym bols),com pared to the corresponding resultsfrom p + p(p)reactions(open circles).Right:
Energy dependenceofthedierencebetween them easured m ean pion m ultiplicity perwounded nucleon and a param etrization
(see text)ofthe p + p data. The m eaning ofthe fulland open sym bols is the sam e as in the left-hand plot. The lines show
variousm odelpredictionsdescribed in the text.













sN N isthe centre-of-m assenergy pernucleon-nucleon pairand m N the nucleon restm ass. The use ofF in
Fig.3 ism otivated by m odelexpectations,aswillbe discussed below.
In Fig.3 them easurem entsby NA49 arecom pared to resultsfrom theAG S [15]and RHIC [16]on centralnucleus-
nucleuscollisions.Thelowestpointatthetop RHIC energyisobtained from theBRAHM S m easurem entsofidentied
hadron spectra.Them iddleand highestpointsareresultsfrom ,respectively,BRAHM S and PHO BO S on thecharged
hadron m ean m ultiplicity corrected fornon-pion contributionsby use ofthe BRAHM S identied hadron yields.The
RHIC points at the lower energies are from PHO BO S,again corrected for the non-pion contribution. The results




= a+ bF + cF 2; (3)
resulting in a =   0:44 0:06,b= 1:32 0:03 G eV   1=2 and c=   0:033 0:004 G eV   1. Up to the top SPS energy
the m ean pion m ultiplicity in p + p interactions is approxim ately proportionalto F . A t ofEq.(3) in the range
2 < F < 5 G eV 1=2 with a = c= 0 yielded a valueofb= 1:063 0:003 G eV   1=2.
ForcentralPb+ Pb and Au+ Au collisionsthe energy dependence ism orecom plicated asisseen in the rightpanel
ofFig.3 wherethedierencebetween thedata and thep+ p param eterization Eq.(3)isplotted.Below 40A G eV the
6ratio hi=hN w iislowerin A+ A collisionsthan in p+ p interactions(pion suppression)while athigherenergiesthis
ratio islargerin A+ A collisionsthan in p+ p interactions(pion enhancem ent).Thetransition from pion suppression
to pion enhancem entisclearly dem onstrated in thegure.A lineartforF < 1:85 G eV 1=2 using Eq.(3)with c= 0
gave a =   0:45 0:05 and b = 1:03  0:05 G eV   1=2 . The slope param eter tted in the range F > 3:5 G eV 1=2
wasb= 1:33 0:03 where the lowestpointatthe top RHIC energy wasexcluded from the t. Thus,in the region
15{40A G eV between the highestAG S and the lowestSPS energy the slopeincreasesby a factorofabout1.3.
Fig.4 showsthefullphasespaceratioshK
+






























i ratio m easured in centralPb+ Pb and Au+ Au [15,16]) collisions (full
sym bols)com pared to thecorresponding resultsfrom p+ p(p)reactions(open cirles).Right:Energy dependenceoftherelative
strangenessproduction asm easured by theE S ratio (seetext)in centralPb+ Pb and Au+ Au collisions(fullsym bols)com pared
to resultsfrom p + p(p)reactions(open circles).The curvesin the guresshow predictionsofvariousm odelsdescribed in the
text.
in the leftand rightpanels,respectively.K aonsarethe lighteststrangehadronsand hK
+
iaccountsforabouthalfof
allthe anti-strange quarksproduced in Pb+ Pb collisionsatAG S and SPS energies(a detailed explanation isgiven
below).In theE S ratio allm ain carriersofstrangeand anti-strangequarksareincluded.ThevaluesforPb+ Pb and
Au+ Au collisionswere calculated using data from this paper and Refs.[7,15,17,18]. The neglected contribution
of and other hyperonsand anti-hyperonsis about10% at SPS energies. Both the hK
+
i=h+ i and E S ratiosare
approxim ately,within 5% at SPS energies,proportionalto the ratio oftotalm ultiplicity ofs and s quarks to the
m ultiplicity ofpions. It should be noted that the hK
+
i=h+ i ratio is expected to be sim ilar (within about 10% )
for p + p,n + p and n + n interactions at 158A G eV [19],whereas the E S ratio is independent ofthe isospin of




Itisseen from Fig.4 thata steep increaseofboth ratiosin theAG S energy region isfollowed by a turnoverand a
decrease around 30A G eV. The BRAHM S m easurem entsatthe top RHIC energy [16]indicate thatthe hK
+
i=h+ i
ratio stays nearly constantstarting from the top SPS energy. The RHIC resultsfor the E S ratio are notavailable
because the totalm ultiplicity of hyperonsisnotm easured.Forcom parison the resultsfrom p + p interactions[4]







atm id-rapidity (see below fordetails)increase m onotonically with increasing





energy can be attributed to their dierentsensitivity to the baryon density. K + and K 0 carry a dom inantfraction
ofallproduced s-quarksexceeding 95% in Pb+ Pb collisionsat158A G eV ifopen strangenessisconsidered.Because
hK
+
i= hK 0iin approxim ately isospin sym m etriccollisionsofheavy nuclei,theK
+
yield isnearly proportionalto the
totalstrangenessproduction and only weakly sensitive to the baryon density. As a signicantfraction ofs-quarks




































i m easured in centralPb+ Pb and Au+ Au [15,16]collisions (full




m esons.The curvesin the guresshow





issensitiveto both the strangenessyield and the baryon density.










































(right) at m id-rapidity m easured in centralPb+ Pb and
Au+ Au [15,16]collisions.The NA44 data are taken from [20].
function ofthe collision energy. AllNA49 m id-rapidity results presented here are determ ined from the ts ofthe
rapidity spectra to Eq.(2).The statisticaland system aticerrorswerecalculated taking into accountallcorrelations
between the tted param eters. It is seen from Fig.6 that the NA44 data point [20]is consistent with the NA49
resultsand thatthe STAR and PHENIX m easurem entsatthe top RHIC energiesare in agreem entwith the trend
8seen in theSPS results.Com parison with theleft-hand plotsofFig.4 and 5 showsthattheenergy dependenceofthe
m id-rapidity kaon to pion ratiosissim ilarto thatofthe corresponding ratiosm easured in fullphase-space.




























FIG .7:Energy dependenceoftheinverseslopeparam eterT ofthetransversem assspectra ofK + (left)and K   m esons(right)
m easured atm id-rapidity in centralPb+ Pb and Au+ Au [15,16]collisions. The K + slope param etersare com pared to those
from p + p(p)reactions[21]in the left-hand plot(open circles). The curvesin the right-hand plotrepresentpredictionsfrom
variousm odelsdescribed in the text.
panel)and K
 
m esons(rightpanel)produced in centralPb+ Pb and Au+ Au collisions. O ne observesa plateau at
SPS energies which is preceded by a steep rise ofT m easured at the AG S [15]and followed by an indication ofa
furtherincreaseofthe RHIC data [16].Although the scatterofdata pointsislarge,T appearsto increasesm oothly
in p+ p(p)interactions[21]asshown in the leftpanelofFig.7.
Thetransversem assspectraofpionsand protonsarenon-exponentialsuch thattheinverseslopeparam eterdepends
on the transversem assintervalused in the t.The m ean transversem asshm T i  m providesan alternativecharac-
terization ofthe m T spectra thatavoidsthisproblem . Itwascalculated from m ulti-param etertsto the m easured
data in theintervalm T   m  2:0 G eV.Forpionseithera sum oftwo exponentialsora powerlaw function wasused,
which both yield a good description ofthedata.In caseofkaonseithera singleexponentialora powerlaw wasused.
Thenalhm T i  m valuesaretheaverageoftheresultfrom both tm ethods.Theerroristhequadraticsum ofthe
statisticalerrorand a system atic contribution thatisestim ated from the dierencesin the resultsobtained with the
two dierenttfunctions.Thevaluesofhm T iatAG S and RHIC energieswerecalculated from thespectra published
in [15,16].Them easurem entsofhm T iforp and p attheSPS weretaken from [22].Theenergy dependenceofhm T i
forpions,kaonsand protonsisshown in Fig.8.Theresultsshow thattheapproxim ateenergy independenceofhm T i
in the SPS energy rangeisa com m on featureforallparticlesinvestigated.
In conclusion,rapid changesin the energy dependence ofpion and kaon production propertiesareobserved which
allseem to coincide in the low SPS energy range of20{30A G eV. Thissuggeststhata com m on underlying physics
processisresponsibleforthesechanges.
D ISC U SSIO N O F M O D EL EX P LA N A T IO N S
In thissection theenergy dependenceofpion and strangenessproduction propertieswillbediscussed within various
approachesto nucleus-nucleuscollisionsand com pared with published m odelpredictions.
It was suggested in [4,5]that a transition to a deconned state ofm atter m ay cause anom alies in the energy
dependence ofpion and strangeness production in nucleus-nucleus collisions. This led to the form ulation ofthe






























FIG .8:Energy dependenceofthem ean transversem asshm T im easured atm id-rapidity in centralPb+ Pb an Au+ Au collisions
for (left)and K  (m iddle).Forcom pleteness,thepreviously published resultson p and p [22]areshown in therightpanel.
In theplots,positively (negatively)charged hadronsareindicated by thefull(open)sym bols.Theresultsfrom AG S and RHIC
are taken from [15,16].
early stage (be it conned m atter or a Q G P) is in equilibrium and that a transition from a reaction with purely
conned m atterto a reaction with a Q G P atthe early stage occurswhen the transition tem perature Tc isreached.
For Tc values of170{200 M eV the transition region extends from 15A to 60A G eV [6]. Assum ing the generalized
Ferm i-Landau conditions[6,14,23]forthe early stageofnucleus-nucleuscollisionsand a proportionality ofthepion
m ultiplicity to the early stage entropy,the ratio hi=hN w iincreaseslinearly with the Ferm im easure F outside the
transition region.Theslopeparam eterisproportionalto g1=4 [5],whereg istheeective num berofinternaldegrees
offreedom at the early stage. In the transition region a steepening ofthe pion energy dependence is due to the
activation ofa largenum berofpartonic degreesoffreedom .Thisis,in fact,observed in the data on centralPb+ Pb
and Au+ Au collisions,wherethe steepening startsatabout20A G eV,asshown in Fig.3.The lineardependence of
hi=hN w ion F isapproxim ately obeyed by the data atlowerand higherenergies(including RHIC).An increase of
the slope by a factorofabout1.3 ism easured,which correspondsto an increase ofthe eective num berofinternal
degreesoffreedom by a factorof1.34 = 3,within the SM ES [5].
ThehK
+
i=h+ iand E S ratiosareroughly proportionalto thetotalstrangenessto entropy ratio which in theSM ES
m odelis assum ed to be preserved from the early stage tillfreeze-out. At low collision energies the strangeness to
entropy ratio increases steeply with collision energy,due to the low tem perature at the early stage (T < Tc) and
the high m ass ofthe strangeness carriers in the conned state (the kaon m ass,for instance,is 500 M eV).W hen
the transition to a Q G P is crossed (T > Tc),the m ass ofthe strangeness carriers is signicantly reduced to the
strange quark m assofabout100 M eV.Due to the low m assm < T,the strangenessyield becom es(approxim ately)
proportionalto the entropy,and the strangenessto entropy (orpion)ratio isindependent ofenergy. This leadsto
a decrease in the energy dependence from the largervalue for conned m atter at Tc to the Q G P value. Thus the
m easured non-m onotonic energy dependence ofthe strangeness to entropy ratio is followed by a saturation at the
Q G P value. Such anom alous energy dependence can indeed be seen in Fig.4 and is,within the SM ES,a direct
consequenceofthe onsetofdeconnem enttaking place atabout30A G eV.
In the m ixed phase region the early stage pressure and tem perature are independent ofthe energy density [24].
Consequently,within the SM ES m odelthisshould lead to the weakening ofthe increase with energy ofthe inverse
slope param eterT or,equivalently,the m ean transverse m asshm T iin the SPS energy range [25]. This qualitative
prediction is conrm ed by the results shown in Figs. 7 and 8. M oreover,recent hydrodynam ic calculations [26]
thatm odelboth the deconned and hadronic phasesprovide a quantitative description ofthe data asshown by the
dashed-dotted curvein Fig.7.
Severalother analysesofthe energy dependence ofhadron production properties in centralPb+ Pb and Au+ Au
collisionswithin varioustheoreticalapproachessupportthe hypothesisthatthe onsetofdeconnem entislocated at
thelow SPS energies.In particularsuch a resultwasobtained from studiesofhadron yieldswithin a non-equilibrium
hadron gasm odel[27]and usingthem om entum integrated Boltzm ann equation foradescription ofthetim eevolution
oftherelativestrangenessyield [28].Furtherm oreitwasdeduced from theexperim entally m easured rapidity spectra
thatwithin Landau’shydrodynam icalm odelthe sound velocity atthe early stage ofthe reaction hasa m inim um at
about30A G eV [29].A m inim um ofthesound velocity isexpected tooccurin thephasetransition dom ain.M oreover,
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a sim ultaneousanalysisofthe two-pion correlation function and the transverse m assspectra found a plateau in the
averaged phase-spacedensity atSPS energieswhich m ay be associated with the onsetofdeconnem ent[30].
Num erousm odelshavebeen developed to explain hadron production in reactionsofheavy nucleiwithoutexplicitly
invoking a transient Q G P phase. The sim plest one is the statisticalhadron gas m odel[31]where independent of
the collision energy the hadrochem icalfreeze-outcreatesa hadron gasin equilibrium . The tem perature,the baryon
chem icalpotentialand the hadronization volum earefreeparam etersofthe m odeland aretted to the data ateach
energy. In this form ulation,the hadron gas m odelcannot predict the energy dependence ofhadron production so
thatan extension ofthe m odelwasproposed,in which the valuesofthe tem perature and baryon chem icalpotential
evolve sm oothly with collision energy [32]. The energy dependence ofthe E S ratio calculated within this extended
hadron gas m odelis com pared to the experim entalresults in Fig.4. By construction,the prevailing trend in the
data isreproduced by the m odelbutthe decreaseofthe ratio between 30A and 80A G eV isnotwelldescribed.The
m easured strangenessto pion yield in centralPb+ Pb collisionsat158A G eV isabout25% lowerthan theexpectation
for the fully equilibrated hadron gas [32,33]. O bviously the non-equilibrium hadron gas m odels [27,34,35]with
the param eters tted separately to the data at each energy describe the experim entalresults signicantly better.
Interestingly,itwasfound in [36]thatthe transition from baryon to m eson dom inated freeze-outconditionshappens
to be located atlow SPS energies.
Dynam icalm odels ofA+ A collisions,such as RQ M D [37],UrQ M D [39]and HSD [42]treat the initialnucleon-
nucleon interactionswithin astring-hadronicfram ework.In addition thesem odelsincludeeectssuch asstring-string
interactionsand hadronic re-scattering which are expected to be relevantin A+ A collisions. The predictionsofthe
RQ M D [37,38],UrQ M D [39,40,41]and HSD [41]m odelsareshown in Figs.3,4,5,6 and 7.Itisseen thatallthese
m odels,likethehadron gasm odel,failto describetherapid changeofthehadron production propertieswith collision
energy in the low SPS energy range. It was recently shown that the m axim um in relative strangeness production
can be reproduced by invoking an unusually long lifetim e ofthe reballat low SPS energies which decreases with
the collision energy [43]. This assum ption is howeverdicult to justify with the dynam icalm odels ofthe collision
process [39,42]and the results on the energy dependence ofthe two-pion correlation function [44]. Finally,the
onset ofthe step-like structure in the energy dependence ofthe inverse slope param eterofthe m T spectra can be
reproduced within the hydrodynam icalm odelby introduction ofa rapid change ofthe freeze-outconditionsatlow
SPS energies [45]. However,this assum ption does not explain the increase ofthe T-param eter suggested by the
RHIC results. Thus,one can conclude thatthe m odels which do notinvoke the onsetofdeconnem entatthe low
SPS energies can not explain the energy dependence ofhadron production properties in centralPb+ Pb (Au+ Au)
collisions.
SU M M A R Y
In sum m ary,new resultson charged pion and kaon production in centralPb+ Pb collisionsat20A and 30A G eV
were presented and com pared to m easurem ents at lower and higher energies. A change ofenergy dependence is
observed around 30A G eV forthe yieldsofpionsand kaonsaswellasforthe shape ofthe transverse m assspectra.
Available m odelexplanationsare discussed. At presenta reaction scenario with the onsetofdeconnem entatlow
SPS energiesbestreproducesthe data.
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